The Wnt gene family encodes a set of signalling molecules implicated in the development of a wide range of organisms. We have recently cloned partial cDNA sequences of murine Writ-1 1 and Writ-12. Here, we describe the spatio-temporal expression patterns of both genes during mouse embryogenesis. Writ-1 1 expression is first detected within the truncus arteriosus from 8.25 dpc. By 9.5 dpc, War-1 1 expression is detected in the somites at the medial junction of the dermatome and the myotome. Wnr-11 transcripts are also detected in limb bud mesenchyme from the time the bud is first visible. Wnt-12 is detected in the apical ectodermal ridge from 10.5 dpc. The implications of these expression patterns are discussed.
Introduction
In order for any multicellular organism to develop normally, there is a requirement for reproducible patterns of cell growth and tissue differentiation within the embryo. One way in which this is mediated is by cell-cell interactions both within and between embryonic cell populations.
The Wnt gene family has been implicated in cellular signalling during the development of a wide range of both invertebrates and vertebrates. The most extensively studied member of the family, Writ-1 (initially termed i&-l), was originally identified in mouse mammary tumours as a locus activated in response to the nearby integration of mouse mammary tumour virus (Nusse and Varmus, 1982) . The predicted Wnt-1 protein possesses a hydrophobic leader sequence, putative sites for N-linked glycosylation and no obvious hydrophobic transmembrane domains, suggesting it is a secreted glycoprotein (van Ooyen and Nusse, 1984) . Immunohistos-taining of the Drosophila Wnt-1 protein, wingless (Wg) and mammalian cell culture studies ectopically expressing murine Wnt-1 have jointly shown that the Wnt-1 protein is secreted from expressing cells but remains tightly associated with the cell surface or extracellular matrix where it can act on neighbouring cells (van den Heuvel et al., 1989; Gonzales et al, 1991; Brown et al, 1987; Papkoff et al., 1987; Bradley and Brown, 1990; Papkoff and Schryver, 1990; Mason et al., 1992) . The molecular mechanism of this interaction is unclear, although genetic experiments in Drosophila have identified several proteins that are required for a response to Wg in the neighbouring cell (reviewed by Siegfried and Perrimon, 1994) . In addition, ectopic expression of Wnt-1 in the developing neural tube of mouse embryos suggests that Wnt-1 affects nearby cells by behaving as a mitogenic factor (Dickinson et al., 1994) .
Apart from Wnt-1, at least 11 other Wnt genes have been identified in the mouse Roelink et al., 1990; Gavin et al., 1990; Adamson et al., 1994) . All murine Wnt proteins possess putative hydrophobic leader sequences and sites for N-linked glycosylation, but the definitive feature of all Wnt proteins 0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(95)00383-C is the absolute conservation of 22 cysteine residues which are interspersed throughout the entire length of each protein. The functional importance of the most Cterminal cysteine residue of Wnt-1 (McMahon and Moon, 1989; Olson et al., 1991) suggests it is required for biological activity, presumably by contributing to tertiary protein structure via disulphide bond formation.
In situ hybridisation analysis has demonstrated that all known murine Wnt genes are expressed in temporally and spatially restricted patterns during embryonic development. Transcripts are restricted to specific cell populations of the developing neural tube or limb buds for most Wnt genes (Wilkinson et al., 1987; Gavin et al., 1990; Roelink and Nusse, 1991; Parr et al., 1993) , and it is these restricted expression patterns that suggest they have important roles in the differentiation, growth or patterning of these tissues during development. These observations have been complemented by gene targeting experiments demonstrating the requirement of Wnt gene expression in the developing mouse. Embryos with homozygous targeted Wnt-1 mutations display severe phenotypes caused by the loss of midbrain and cerebellar structures (McMahon and Bradley, 1990; Thomas and Cappechi, 1990; McMahon et al., 1992) . Mice containing a Wnt-3A targeted interruption lack several caudal somites, have a disrupted notochord and show regions of unfused neural tube (Takada et al., 1994) .
We have previously isolated partial sequences of two novel murine Wnt genes, Wnt-11 and Wnt-12 by using degenerate oligonucleotide primers in reversetranscription polymerase chain reactions (RT-PCR) from embryonic mouse RNA (Adamson et al., 1994) . In this paper we report the isolation of a cDNA clone encompassing the entire open reading frame of murine Wnt-1 1 and describe the spatio-temporal expression profiles of Wnt-1 1 and Wnt-12 in the developing mouse embryo. The spatially and temporally restricted expression patterns of Wnt-1 1 and Wnt-12 in mouse embryos suggest that these genes are involved in normal mammalian development.
Results
2.1. Isolation of extended reading frames of Wnt-1 1 cDNA clones were isolated from an 11.5 dpc mouse embryonic cDNA library using the previously described Wnt-11 probe BSM15 (Adamson et al., 1994) . Three Wnt-1 1 cDNA clones were isolated from approximately 2 x lo6 plaque forming units (pfu) of the cDNA library and the largest of these (pCDWl1) contained an insert of 1.8 kb which includes 270 bp of 5' untranslated region (UTR) and 540 bp of 3 ' UTR. The open reading frame of murine Wnt-11 contains 354 amino acids and exhibits all the characteristics of other Wnt proteins including a putative hydrophobic leader sequence, several potential sites for N-linked glycosylation and 26 cysteine residues, 22 of which are conserved throughout all murine Wnt proteins (Fig. 1) . Sequence identity between Wnt-1 1 and all other full-length murine Wnt proteins range from 36 to 40% (Fig. 2) . Across species, the nearest related proteins are chicken unpublished) and Xenopus Wnt-11 (Ku and Melton, 1993) which are, respectively 83% and 72% identical (see Figs. 1 and 2) .
Two Wnt-12 genomic DNA clones were obtained by screening 2 x IO6 pfu of an SV129 mouse genomic DNA library with BSMlO, the RT-PCR generated partial Wnt-12 sequence described by Adamson et al. ( 1994) . The Wnt-12 genomic clones were sequenced with several gene specific primers designed from the partial cDNA sequence. Both clones were found to extend 51 bp 3 ' from the known coding sequence to a putative mwnt-11 MRARPQVCEALLFALALHTGVCYGIKWLALSKTPAALAL~QHCKQLEGLVSAQVQLCRSNLELMRTIVHAARGAMKACRRAFADMRW cwnt-11 MKPSPQFFLAAFLSLILQTGICYGIKWIALSKTPSSLAL~QHCKQLEGLVVSQVQLCRSNLELMQTIIQAAREVIKTCRKTFSDMRW Xwnt-11 M.A.PTRHWVTPLLLLCCSGICGAIQWLGLTV~RVAW~HCRLLDGLVPDQSQLCKRNLELMQSWNAAKQTKLTCQMTLSDMRW **** * ** *********** l ******** * * ** * ***** et* *** ** mWnt-11 ~SIELAPNYLLD*L*ERGTRESAFVYALSAATISHTIARACTSGID~~GC*S~~PV~GEPPGPGNRWGGCADNLSYGLLMGAK~S~~~~~" cwnt-11 ~SIELAPNYLLDLERGTRESAFVYALSAAAISHTIARACTTGDLPGCSCGPIPGETPGPGYRWGGCADNLNYGLIMGSKFSDAPMKM Xwnt-11 ~SVENAPSFTPDLSKGTRESAFVYALASATLSHTIARACASGELPTCSCGATPAEVPGTGFRWGGCGDNLHYGLNMGSAFVDAPMKS * * ** * * *** **** * *** ************ ******* * * ** ** **** ** *** ** *** mWnt-11
KKT.GSQANKLMRLHNSEVGRQALRASLETKCKCHGVSGSCSIRTCWKGLQELQDVAADLKTRYLSATKVVHRPMGTRKHLVPKDLDIR cwnt-11 KKS.GSQANKLMHLHNSEVGRQVLKASLEMKCKCHGVSGSCSIKTCWKGLQELRDIALDLKNKYLSATKVVHRPMGTRKYLVPKDIDIR Xwnt-11 SKSAGTQATKIMNLHNNAVGRQVLMDSLETKCKCHGVSGSCSVKTCWKGLQDLPHIANELKSKYLGATKVIHRQTGTRRQHVPRELDIR ** ** ** **** * ** ** ***** ***** ***** ********* * **** ********* * *********** mWnt-11 PVKDSELVYLQSSPDFCMKNEKVGSHGTQDRQChlKTSNGSDSCDLMCCGRGYNFYTDRVVERCHCKYHWCCYVTCRRCERTVERYVCK cwnt-11 PVKETELIYLQSSPDFCMKNEKVGSHGTQDRQC~SNGSDSCDLMCCGRGYNPYMDKVVERCHCKYHWCCYVTCKKCERTVERYVCK Xwnt-11 PVRESELVYLVSSPDYCTKNPKLGSYGTQDRLC~SVGSDSCNLMCCGRGYNAYTETIVERCQCKYHWCCYVMCKKCERTVERYVCK stop codon. The position of this stop codon is conserved between all murine Wnt genes except Wnt-2 (Gavin et al, 1990) . In the 5 ' direction, 27 bp of extra sequence information was gained prior to interruption by an intron. An amino acid sequence alignment of the partially extended Wnt-12 protein with the murine Wnt protein consensus sequence is presented in Fig. 3 .
2.2. Spatial expression of Wnt-11 during murine embryonic development Whole mount in situ hybridisation was used to examine the spatial expression patterns of both Wnt-1 1 and Wnt-12. Wnt-1 1 anti-sense riboprobe was generated from pW11.6, a subclone of the full length Wnt-11 cDNA clone pCDW 11 encompassing 0.7 kb adjacent to the polyA tail.
A total of 26 embryos ranging in age from 7.0 to 8.5 dpc were examined by whole mount in situ hybridisation and no Wnt-1 1 expression was detected in embryos with fewer than 5-6 pairs of somites. Wnt-1 1 transcripts are first detected in the truncus arteriosus of the primitive heart tube in embryos of 8.25 days of gestation (6-8 pairs of somites) (Fig. 4A) . No other sites of expression are evident in unturned embryos although at the point of turning, Wnt-1 1 expression is also detected along the medial edge of the several most rostra1 somites (data not shown). At 9.5 dpc, Wnt-11 transcripts continue to be detected within both the somites and the truncus arteriosus (Fig. 4B) . Within the somites a rostro-caudal gradient of expression is apparent, with expression being strongest in the first somite pair and progressively weaker in each successive somite. In the most immature somites Wnt-11 expression is restricted to the craniomedial corner and as the somite matures, the domain of Writ-1 1 expression expands to cover the entire length of the medial edge of the somite at the junction of the dermatome and myotome (Figs. 4B, 5A). Expression within the truncus arteriosus is restricted to cells within the myocardial layer (Fig. 5B) .
In 9.5 dpc embryos, Wnt-11 expression is also detected within the early fore-limb bud (Wanek limb bud stage 1) (Fig. 4B ). By 10.5 dpc, (stage 2 limb buds), Wnt-11 transcripts are localised to the central dorsal surface of the limb buds (Fig. 4C ). As the bud grows outwards (stages 3 and 4), expression persists on the dorsal surface, and other regions of expression along the anterior side of the bud are also detected (Fig. 4C) . As the limb bud continues to grow outwards and elongate (stage 5), Wnt-11 expression becomes restricted to mesenchymal regions of both the developing limb stalk and the foot paddle (Fig. 4D) . By 12.5 dpc, Writ-11 expression in the distal limb is restricted to the rostra1 and caudal margins of each of the developing digits (Fig.  4E ). By 13.5 dpc , the digits begin to separate and Wnt-11 expression is found in association with the developing perichondrium of each forming digit (limb stage 9) (Fig.  4F) . Expression in the proximal limb declines. (Gavin et al., 1990) . Within the consensus sequence, capital letters denote residues that are conserved in every murine Wnt protein, lower case letters represent the most common amino acid in that position and dashes denote unconserved positions. Asterisks mark cysteine residues that are conserved in all Wnt proteins and potential sites for N-linked gfycosylation are underlined. One amino acid (in bold type) within Wnt-12 is not conserved with respect to the consensus. Writ-1 1 expression is also detected from 11.5 dpc in the maxillary component of the first branchial arch and the lateral nasal process on either side of the nasolacrymal groove (Fig. 4D) . At 12.5 dpc, Writ-11 transcripts continue to be detected in regions surrounding the eye (Fig. 4E). 2.3. Spatial expression of Wnt-12 within the developing murine embryo
Whole mount in situ hybridisations were also performed on staged murine embryos to analyse the spatiotemporal expression profile of Wnt-12 during mouse embryonic development. A Wnt-12 antisense riboprobe was generated from BSM 10 which has been described by Adamson et al. (1994) .
Forty-two embryos were examined, ranging from 7.0 dpc to 10.5 dpc, and no expression of Wnt-12 was detected in embryos younger than 10.5 dpc. In 10.5 dpc embryos, the only site of Writ-12 expression is in the apical ectodermal ridge (AER) of the limb buds (Wanek limb stage 2-3) (Fig. 6A) . At 11.5 days of gestation, Wnt-12 expression continues in the AER and is also found in the mammary ridge, a band of raised ectoderm which runs along the lateral body wall connecting the fore and hind limb buds (Fig. 7A) . At 12.5 dpc, Wnt-12 transcripts continue to be found in the AER (limb stage 7) (Fig. 7C) as well as in the distal ectoderm associated with each developing vibrissa and sinus hair follicle (Figs. 6B, 7B ). Transcripts are also detected in the dual abdominal mammary gland anlagen at this stage (Fig.  7B ).
3. Discussion 3.1. The structure of the predicted murine Wnt-I 1 protein
Using an RT-PCR based method originally described by Gavin et al. (1990) , we previously isolated fragments of and mapped two novel murine Wnt genes which we termed Wnt-11 and Wnt-12 (Adamson et al., 1994) . In this paper we report the cloning of a cDNA encompassing the entire open reading frame of murine Wnt-1 1. The degree of sequence similarity between the full-length predicted murine Wnt-11 protein and all other murine Wnt proteins ranges between 36% and 40% (see Fig. 2 ). Murine Wnt-1 1, however, displays 83% amino acid identity to chicken Wnt-1 1 and 72% identity to Xenopus Wnt-11. The high degree of sequence similarity and the presence of numerous stretches of conserved amino acid motifs that are not present in any other Wnt protein (see Fig. 1 ) suggests that we have cloned the murine counterpart of Xenopus and chicken Wnt-1 1.
The predicted 354 amino acid murine Wnt-1 1 protein contains a hydrophobic leader sequence and several sites for N-linked glycosylation, both of which are present in all other murine Wnt proteins and are essential features of secreted glycoproteins. Wnt-11 contains 26 cysteine residues, 2 of which are contained within the putative hydrophobic leader sequence. The other 24 cysteine residues are conserved throughout every other murine Wnt protein apart from Wnt-1, which lacks two cysteine residues relative to all other Wnts (Gavin et al., 1990) . The significance of these cysteine residues is unknown; however, the presence of a hydrophobic leader sequence and sites for N-linked glycosylation suggests that Wnt-1 1 is secreted from the cell in a similar manner to other known Wnt proteins.
3.2. Possible roles of murine Wnt-11 during embryogenesis
In the mouse embryo Wnt-11 transcripts are first detected at 8.25 dpc, restricted to the truncus arteriosus region of the outflow tract of the heart. By 9.5 dpc, expression is also detected in the somites at the medial junction of the dermatome and the myotome. Since Wnt-1 1 transcripts are found in both the heart wall and the myotome it is possible that the protein product is in- volved in the development of muscle. However, the restricted expression of Writ-1 1 to a subset of cells of both the heart wall and myotome suggests that the protein may only be involved in the development of a particular muscle libre type. Alternatively, the restricted pattern of Writ-11 expression in these structures may reflect a role whereby Wnt-11 expressing cells commit adjacent cells to express muscle specific genes. Although the myotome is known to be derived from the dermomyotome, it remains unclear which side of the dermomyotome contributes to the formation of the myotome layer. Cells of the dorso-medial lip of the somite (Rabl, 1888; Boyd, 1960) , the cranial edge of the somite (Kaehn et al, 1988) and all sides of the dermomyotome (Williams, 1910) have been implicated in the process; however, the recent isolation and characterisation of early myogenic markers such as myogenin and myf-5 suggest that only cells from the cranial or medial edges of the somite may contribute (reviewed by Buckingham, 1994) . Wnt-11 expression within the somite is detected only at the medial junction of the dermatome and the myotome. If myotome formation does involve cells from the medial aspects of the dermomyotome, Writ-1 1 expression may reflect a role in this process.
Other major sites of Writ-11 expression are in the developing limb buds and regions surrounding the eye. Expression in the limb is detected from the time the limb bud can first be discerned and continues throughout the development of these structures to be eventually restricted to the forming digits. Writ-1 1 expression is detected in the limb from the time of its appearance; however, the early regional distribution of transcripts suggests that the gene is unlikely to be involved in the early patterning of any of the three limb axes. At later stages, Writ-1 1 limb expression correlates with regions of long bone formation. To determine whether the complex pattern of Wnt-11 expression reflects a transient role in modelling of the limbs or a role in the development of a particular cell or tissue type, functional analyses must be performed. On the basis of the expression patterns reported here, experiments aimed at solving this question are now under way.
Conserved and divergent aspects of Wnt-I1 expression
We observe that certain aspects of Wnt-1 1 expression are conserved between the mouse and Xenopus. For example, in the mouse, transient Wnt-1 1 expression is detected within the somites from 9.5 dpc to 12.5 dpc. Likewise, Xwnt-11 expression is detected within the somites from early tailbud stages (stages 22-23). Although somitogenesis in mammals and amphibians occurs via different mechanisms, the transient expression of Writ-11 in the somites of both the mouse and Xenopus suggests that it may play a universal role in the differentiation of paraxial mesoderm of vertebrates.
Other major sites of Writ-1 1 expression in the murine embryo include the outflow tract of the heart and the developing limb buds. In Xenopus, these structures do not substantially develop until larval hatching or during metamorphosis, and Xwnt-11 expression has not been analysed in these structures. For this reason it will be interesting to examine Xwnt-11 expression later during development.
3.4, Possible roles of Wnt-12 during embryogenesis
Wnt-12 expression is restricted to several regions of ectoderm during embryogenesis. At 12.5 days of gestation, strong expression is detected in the distal ectoderm associated with each vibrissa (whisker) mound and the immature tactile facial hair follicles. Aggregations of cells within the ectoderm of the presumptive vibrissae are seen at approximately 14 days of gestation, but it is not until 14.5 dpc that the vibrissae papillae become invaginated to form the primordia of the hair bulb and dermal sheath (Rugh, 1990) . It is unlikely that Writ-12 is required for the positional specification of the vibrissae or tactile facial hairs since it is not expressed in these regions prior to the appearance of the primordial hair mounds. However, because expression of Wnt-12 is first detected in the ectoderm prior to the differentiation of the subcutaneous layers involved in hair formation, this suggests that Writ-12 is involved prior to and possibly during the later stages of hair follicle differentiation. Writ-12 expression is also detected from 11.5 dpc in the mammary ridge, a band of raised ectoderm on the ventral midline of either side of the body. By 12.5 dpc, B'nt-12 transcripts are detected in the mammary gland anlagen, which have been formed by collecting mammary ridge cells. The implication of Wnt-12 in the development of the mammary gland is interesting given the involvement of Wnt-1 and Wnt-3 in the development of mammary carcinomas in adult mice (Nusse and Varmus, 1982; Roelink and Nusse, 1991) . Neither Wnt-1 nor Wnt-3 is normally expressed in the mammary gland; however, several other Wnt genes are differentially expressed in the mammary gland during pregnancy and lactation (Gavin and McMahon, 1992; Buhler et al., 1993) . Presumably when Wnt-1 or Wnt-3 is ectopically expressed in the mammary gland, there is some pathway used by an endogenously expressed Wnt protein that these proteins can activate to elicit cellular transformation. For this reason, it will be interesting to see whether Wnt-12 is expressed in the mammary gland during pregnancy and lactation in adulthood.
Perhaps the most intriguing feature of Wnt-12 expression is the detection of transcripts in the AER of the limb buds. The AER is a terminal thickening of limb ectoderm and is involved in proximo-distal limb patterning by promoting outgrowth of the limb during embryogenesis (Saunders, 1948) . Signals from the AER are believed to interact with the underlying distal limb mesenchyme (otherwise known as the progress zone) to maintain this tissue in an undifferentiated state (Hampe, 1960; Globus and Vethamany-Globus, 1976 ) and promote limb outgrowth via cell proliferation (Saunders, 1977) . In addition, the posterior AER is required for maintenance of the zone of polarising activity (ZPA), a group of cells on the posterior side of the bud required for normal antero-posterior patterning of the limb . Recently, several candidate signals for the various AER activities have been identified. Fibroblast growth factor (FGF)4 is normally expressed in the posterior AER and, when applied to posterior and distal limb mesenchyme following removal of the AER, maintains the polarising activity of the limb and the progress zone to yield near normal limb development (Niswander et al., 1993; Vogel and Tickle, 1993) . Bone morphogenetic protein (BMP)-2, a member of the transforming growth factor (TGF)-P family, is also expressed in the AER and is a putative component of the polarising region pathway (Francis et al., 1994) .
We have shown here that Wnt-12 is expressed within the AER. Wnt proteins are exported from expressing cells but remain in close association with the extracellular matrix where they can interact with neighbouring cells (Bradley and Brown, 1990; Blasband et al, 1992) . Wnt-12 therefore may interact with cells of the progress zone either to keep this tissue in an undifferentiated state or to promote limb growth via cell proliferation.
While either function is possible, the latter is more likely given recent results indicating that another Wnt protein, Wnt-1, can act as a mitogenic factor in the central nervous system (Dickinson et al., 1994) . It will be interesting to see whether Wnt-12 co-operates with other AER factors such as FGF-4 and BMP-2 to regulate patterning and growth of the limb or whether each factor regulates a specific activity.
Several other Wnt genes are also expressed in the developing limb in patterns that suggest roles in limb axis specification. For example, Wnt-.5a transcripts are detected in a graded distribution along the proximodistal axis of the limb and Wnt-7a is detected in dorsal limb ectoderm (Parr et al., 1993) . Mice homozygous for targeted Wnt-7a deletions display phenotypes whereby normal ventral limb structures are duplicated within the dorsal aspects of the limb, suggesting that Wnt-7a has a critical role in dorso-ventral limb patterning (A. McMahon, personal communication) . Given recent evidence demonstrating links between proximo-distal and antero-posterior limb axis formation (Niswander et al., 1993; Vogel and Tickle, 1993) , it will be interesting to examine the possibility of different Wnt genes cooperating in the patterning of the three limb axes. In future studies, perturbation of normal Wnt-12 expression should provide further insight into the functions of Wnt-12 and the mechanisms of limb development in general.
Experimental procedures
4.1. Isolation of extended reading frames of An 11.5 dpc mouse (ICR outbred female, outbred Swiss Webster male cross) embryo cDNA library constructed in hgt 10 (Clontech) was screened with [CY-32P]dCTP labelled insert from the partial Wnt-11 cDNA containing plasmid pBSM15 (described in Adamson et al., 1994) . Inserts from positive plaques were subcloned in both orientations into pUNC19(-) and the coding and non-coding strands of the Wnt-11 cDNA clone were sequenced using the Tn3 transposon deletion strategy of Davies and Hutchinson (1991) (Genbank accession number of Wnt-1 1 cDNA: X70800). An SV129 mouse genomic library constructed in FIX11 (Stratagene) was screened for Wnt-12 using [a-32P]dCTP labelled insert from the previously described partial Wnt-12 cDNA clone pBSMl0 (Adamson et al., 1994) . Positive clones were subcloned into pBluescriptIISK (Stratagene) and sequenced from several gene specific primers. Nucleotide sequencing was performed using a T7 sequencing kit (Pharmacia). Amino acid alignment computations were performed at the National Center for Biotechnology Information by using the BLAST network service.
In situ hybridisation
Whole mount in situ hybridisations using outbred Swiss mouse embryos (staged according to Theiler (1989) and Wanek et al. (1989) ) were performed as described by Wilkinson and Nieto (1993) with the following modifications. During all steps prior to hybridisation, PBT was substituted with PBTX (PBS, 0.1% Triton X-100) and following hybridisation, PBT was replaced with TBTX (TBS, 0.1% Triton X-100). Prehybridisation was carried out overnight in 50% formamide, 5 x SSC, 2% Boehringer blocking powder (for nucleic acid hybridisations), 0.1% Triton X-100, 0.5% CHAPS (Sigma), 1 mg/ml Torula yeast RNA (Sigma), 5 mM EDTA, 50 &ml heparin at 65°C. Following hybridisation overnight at 65°C the embryos were washed with 100% solution 1; 75% solution l-25% 2 x SSC; 50% solution l-50% 2 x SSC and 25% solution l-75% 2 x SSC for 5 min each at 65°C (solution 1: 50% formamide, 5 x SSC, 0.1% Triton X-100,0.5% CHAPS). Then the embryos were washed twice in 2 x SSC, 0.5% CHAPS for 30 min at 65°C and then twice in 0.2 x SSC, 0.5% CHAPS for 30 min at 65°C followed by two TBTX washes at room temperature for 10 min each. Following preblocking of the embryos in 10% sheep serum, 2% BSA in TBTX for 3 h or more, preabsorbed antidigoxigenin (DIG) Fab fragments conjugated to alkaline phosphatase (Boehringer) were added. After an overnight incubation at 4°C the embryos were washed for six 1 h intervals at room temperature and then overnight at 4°C with TBTX, 0.1% BSA. The next day the embryos were washed twice for 30 min with TBTX followed by three washes of 10 min with NTMT (100 mM NaCl, 100 mM Tris-Cl (pH 9.5), 50 mM MgCl*, 0.1% Tween-20) without levamisole. Following incubation in the colour reagents NBT and BCIP, the embryos were washed for several days in PBS, 1% Triton X-100 to lower background staining. The stain was then fixed using 4O/o paraformaldehyde in PBS. Selected embryos were embedded in paraffin using a method previously described by Bradley et al. (1992) for Xenopus embryos and then 10 pm sections were taken using a Jung-Biocut 2035 microtome.
